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METHOD AND DEVICE FOR INDICATING AN UNDE SIRED OPERATION 



CONDITIO N OF A CENTRIFUGAL SEPARATOR 

Cross Reference to Related Applications 
This application is entitled to the benefit of, and 
incorporates by reference, essential subject matter disclosed 
in International Application No. PCT/SE00/00424 filed on March 
3, 2000 and Swedish Patent Application No. 9900815-3 filed on 
March 8, 1999. 



^ Field of the Invention 

a 

Q The present invention relates to a method and device for 

i? j 

{ Sj indicating an undesired operating condition of a centrifugal 

W separator comprising a centrifugal rotor forming a separation 

Ltl 15 chamber, a supply conduit for supplying a liquid mixture to be 
separated to the separation chamber, the liquid mixture 

r l containing at least two components, at least two outlets for 

lit 

Q discharging a separated component each out of the separation 

Lt| chamber, one outlet being arranged to discharge a separated 

20 liquid phase comprising one of the components, and an outlet 

conduit, the interior of which communicates with said one 

outlet . 



Background of the Invention 
25 An undesired operating condition of a centrifugal 

separator of the kind stated above can arise from different 
causes and is often difficult to discover. This can lead to 
operating an impaired centrifugal separator for an extended 
period of time* One cause of an undesired operating condition 
30 is leakage through valves which were thought to be completely 
closed. For example, the centrifugal separator can be 
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provided with a sludge discharge means, which intermittently 
discharges accumulated separated sludge together with liquid 
from the separation chamber with the aid of an axially 
moveable slide valve. Between the discharge movements the 
5 slide valve has to seal in order to cause the formation of a 
boundary layer between separated liquid phases at an intended 
radial level in the separation chamber. With respect to the 
function of the centrifugal separator it is important that the 
formed boundary layer is at the intended radial level. If 
^* 10 liquid escapes out of the separation chamber via the slide 
Q valve the boundary layer is formed at a radial level which is 

1 1 j 

pj situated outside the intended radial level, and results in a 

W less than desirable separation. However, the centrifugal 

UJ rotor is surrounded by a stationary protective cover making it 

;L 15 impossible to visually identify a leaking slide valve. 

U1 SE-B-409 662 suggests a device for indicating leakage in 

ru 

p a centrifugal separator that intermittently discharges sludge. 



0t 

ru 



The device comprises a vibration sensing piezoelectric crystal 
placed on the protective cover so that leaking liquid flow can 
20 contact the crystal. The concept is that the piezoelectric 
crystal is hit by droplets thrown from the rotating 
centrifugal rotor and generates a signal used to activate an 
alarm device. 

For certain applications, for example the cleaning of 
25 oil from minor amounts of water and sludge, the centrifugal 
separator may be provided with three outlets for discharging 
three components from the separation chamber. In general, 
these outlets are a light phase outlet for a light component 
such as oil, a heavy phase outlet for a heavy component such 
30 as water and an outlet for a sludge component. If the amount 
of water separated is a small fraction of the amount of oil 



separated, the heavy phase or sludge outlet is provided with 
an intermittently opening valve for discharging the 
accumulated heavy phase (water) in batches. For the same 
reasons as described above in connection with the centrifugal 
separator with an intermittently opening slide valve for 
discharging sludge the heavy phase outlet valve has to be seal 
between openings in order to prevent the centrifugal separator 
from being operated at an undesired condition, or to prevent 
the loss of valuable product. 

For other applications, for example the cleaning of 
liquid mixtures from large amounts of sludge, the centrifugal 
separator usually has a discharge means that continuously 
discharges separated sludge from the separation chamber by a 
plurality of nozzles. The nozzles are distributed around the 
centrifugal rotor at the radially outermost portion thereof. 
In this case an undesired operating condition of the 
centrifugal separator arises if the flow of sludge through the 
nozzles increases due to wear thereof, or if the sludge flow 
decreases due to clogging of one or more nozzles. Wear and 
clogging of the nozzles results in an impaired separation 
result . 

An object of the present invention is to provide a 
reliable method of indicating an undesired operating condition 
in a centrifugal separator. 

Summary of the Invention 
This object is obtained by a method which is 
characterised by: operating the centrifugal separator, sensing 
a normal operation pressure in the outlet conduit, when a 
normal flow of the liquid mixture occurs in the supply conduit 
and a normal flow of the liquid phase occurs in the outlet 



conduit, substantially decreasing the flow of the liquid 
mixture through the supply conduit from the normal flow of the 
liquid mixture during a predetermined period of time, 
substantially decreasing the flow of the liquid phase through 
the outlet conduit from the normal flow of the liquid phase 
during the same predetermined period of time, sensing the 
course of the pressure change in the outlet conduit from the 
normal operation pressure during the predetermined period of 
time, and generating an error signal in response to the sensed 
course of pressure change when this deviates from an expected 
normal course of pressure change. Preferably predetermined 
period of time comprises one or a few seconds. 

When the centrifugal separator is new and existing 
valves and liquid nozzles are new the expected normal course 
of pressure change can easily be determined by a empirical 
test. Alternatively, the course of pressure change can be 
determined by theoretical calculations. 

Depending on the constitution of the centrifugal 
separator the expected course of pressure change can be 
determined for different conditions. For example, the flow of 
the liquid phase through the outlet conduit and/or the flow of 
the liquid mixture through the supply conduit or both flows 
may be shut off during the predetermined period of time. 

When the second separated component constitutes sludge 
the second outlet of the centrifugal separator may be formed 
by a sludge discharge means for intermittent discharge of the 
sludge. In addition, the centrifugal rotor forms an outlet 
chamber for said one component and a paring disc forming said 
one outlet is arranged in the outlet chamber. In this case 
the error signal is suitably generated if the pressure in the 
outlet conduit decreases to a predetermined low pressure 



during the predetermined period of time. The predetermined 
low pressure is chosen such that if the sludge discharge means 
functions as expected and does not leak between discharge 
occasions, the pressure in the outlet conduit should not have 
time to decrease to the low pressure during the predetermined 
period of time. 

The predetermined period of time, during which the 
course of pressure change in the outlet conduit is sensed, 
suitably begins as soon as the centrifugal separator has 
reverted to an expected normal operation condition after a 
sludge discharge occasion. 

Alternatively, the second outlet of the centrifugal 
separator may be formed by a sludge discharge means for 
continuously discharging the sludge. In this case, the error 
signal is suitably generated if the pressure in the outlet 
conduit decreases during the predetermined period of time at a 
rate that differs from an expected normal pressure decreasing 
rate. To prevent the pressure in the outlet conduit from 
decreasing too rapidly to the ambient pressure during the 
predetermined period of time the flow through the supply 
conduit should not be completely closed, but rather be reduced 
to a known flow, preferably equal to the total flow through 
the nozzles during normal operation conditions with the 
nozzles working correctly. 

A further object of the present invention is to provide 
a simple reliable device for indicating an undesired operation 
condition of a centrifugal separator of the kind stated 
initially. 

This further object is obtained by a device which is 
characterised by an inlet valve situated in the supply conduit 
and adjustable between open and closed conditions, an outlet 



valve situated in the outlet conduit and adjustable between 
open and closed conditions , the valves being adjustable in 
open normal valve positions to allow normal flows to pass 
through the supply and outlet conduits during normal operation 
of the centrifugal separator. A pressure sensor is provided 
for sensing the pressure in the outlet conduit upstream of the 
outlet valve. Signal means are included for generating an 
error signal , and a control unit is provided for activating 
the signal means to generate the error signal in response to 
the pressure sensor detecting, during a predetermined period 
of time during operation of the centrifugal separator, a 
pressure change in the outlet conduit differing from an 
expected normal pressure change, when the inlet and outlet 
valves during the predetermined period of time are adjusted in 
valve positions which at least substantially decrease the 
flows in the supply and outlet conduits from the normal flows 
therein. For example, the outlet valve may be closed, or both 
the inlet valve and the outlet valve may be closed. 

When the second one of the separated components is 
constituted of sludge, the second outlet of the centrifugal 
separator may include a sludge discharge means for 
intermittent discharge of the sludge. The centrifugal rotor 
further forms an outlet chamber for one component and a paring 
disc forming the outlet is arranged in the outlet chamber. In 
this case, the control unit preferably activates the signal 
means to generate the error signal in response to the pressure 
sensor detecting a pressure in the outlet conduit below a 
predetermined pressure, which is lower than a normal operation 
pressure therein. 

Alternatively, the second outlet of the centrifugal 
separator may be formed by a sludge discharge means for 



continuous discharge of the sludge. In this case the control 
unit preferably activates the signal means to generate the 
error signal in response to the pressure sensor detecting, 
during the predetermined period of time, a pressure in the 
outlet conduit which decreases at a rate differing from an 
expected normal pressure gradient. 

The control unit controls the inlet valve for adjusting 
the valve position thereof, activates the signal means to 
generate the error signal, and locks the inlet valve in a 
closed valve position in response to the pressure sensor 
detecting the pressure change in the outlet conduit differing, 
to an unacceptably large extent, from the expected normal 
pressure change. The expression "a pressure change in the 
outlet conduit differing to an unacceptably large extent" is 
intended to mean a pressure change indicating an operating 
condition that does not give a satisfactory separation result 
or causes product losses. In this case the centrifugal 
separator should be taken out of operation for service or 
repair. 

The control unit may also control the outlet valve for 
adjusting the valve position thereof. 

Instead of adjusting the normal flows and reduced flows 
with the aid of the valves, of course the flows may also be 
adjusted in a different way for instance by controlling a 
supply pump. 

Brief Description of the Drawings 
The invention is described in more detail in the 
following with reference to Fig. 1, which shows a cross- 
section through an intermittently sludge discharging 
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centrifugal separator provided with a device according to an 
embodiment of the invention. 

Sgl^iled ^ pHm of fche Preferred Embodiment 
5 Fig. 1 shows a device 2 according to the invention for 

indicating an undesired operating condition of a centrifugal 
separator 4, which in the illustrated embodiment is intended 
for separating sludge and water containing oil into a light 
first component comprising oil, a heavy second component 
10 comprising water and a heavy third component comprising 

sludge. The centrifugal separator comprises a centrifugal 
S ro tor 6 forming a separation chamber 8, a supply conduit 10 

8 for supplying oil to be separated to the separation chamber 8, 

fj| a f i rs t outlet conduit 12 for discharging separated oil, and a 

$ 15 second outlet conduit 14 for discharging separated water. A 
I"' stationary oil paring disc 16 forms an outlet 18 communicating 

Fr| with the interior of the first outlet conduit 12 and extending 

I"! radially into an annular oil outlet chamber 20, which is 

S formed by a U-shaped wall portion 19 attached to the 

fU 20 centrifugal rotor 6. From the bottom of the oil paring disc 
16 a hole 21 extends through the wall portion 19. A 
stationary water paring disc 22 forms an outlet 24 
communicating with the interior of the second outlet conduit 
14 and extending radially into an annular water outlet chamber 
25 25, which is formed by the centrifugal rotor 6. An axially 
moveable slide valve 24 is adapted to intermittently open a 
passage to a number of sludge outlets 26 in the radially 
outermost portion of the centrifugal rotor 6. 

The indication device 2 comprises a control unit 28 
30 having electronic equipment for signal processing, a first 
outlet valve 30 in the first outlet conduit 12, a pressure 



sensor 32 for sensing the pressure in the first outlet conduit 
12 upstream of the first outlet valve 30, a second outlet 
valve 33 in the second outlet conduit 14, and an inlet valve 
34 in the supply conduit 10. The pressure sensor 32 is 
connected to the control unit via a signal line 36. The inlet 
valve 34, first outlet valve 30 and first outlet valve 33 are 
connected to the control unit 28 via control lines 38, 4 0 and 
41, respectively. A signal means 39 for generating an alarm 
signal is connected to the control means 28 via a signal line 
42. 

During normal operation of the centrifugal separator the 
liquid mixture consisting of sludge and water containing oil 
is pumped via the supply conduit 10 through the inlet valve 
34, which by the control unit 28 is adjusted in an open normal 
valve position, for instance completely open valve position, 
and further into the separation chamber 8. In the separation 
chamber 8 the oil in the liquid mixture is separated radially 
inwardly and flows to the oil outlet chamber 20, from which 
the oil flows further through the outlet 18 of the oil paring 
disc 16 and via the first outlet conduit 12 through the first 
outlet valve 30, which by the control unit is adjusted in an 
open normal valve position, for instance a completely open 
valve position. The hole 21 from the outlet chamber 20 may 
have a significant flow capacity. 

The water in the liquid mixture separates in the 
separation chamber 8 radially outwardly and flows to the water 
outlet chamber 25, from which the water flows further through 
the outlet 24 of the water paring disc 22 and via the second 
outlet conduit 14 through the second outlet valve 33 likewise 
adjusted in an open normal valve position, for instance a 
completely open valve position. If the water content of the 
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liquid mixture is low the water accumulated in the water 
paring chamber 25 may be discharged in batches by intermittent 
opening of the second outlet valve 33. 

Sludge in the liquid mixture separates radially 
outwardly in the separation chamber 8 and accumulates in the 
radially outermost part of the separation chamber 8. The 
slide valve 24 is intermittently opened for short moments, 
normally in intervals of one or more hours, whereby the 
accumulated sludge and remaining liquid in the separation 
chamber 8 are thrown out through the sludge outlets 26. 

During normal operation the control unit 2 8 senses a 
normal operating pressure in the first outlet conduit 12 with 
the aid of the pressure sensor 32. As soon as the centrifugal 
separator 4 has reverted to an expected normal operating 
condition after a sludge discharge event the indication device 
2 according to the invention checks the operating condition of 
the centrifugal separator 4 in the following manner. The 
control unit 28 closes almost simultaneously the inlet valve 
34 and first outlet valve 30 and when necessary also the 
second outlet valve 33 during a predetermined period of time, 
which comprises one or a few seconds. This may result in the 
pressure in the outlet conduit 12 temporarily increasing over 
the operating pressure. If for instance the slide valve 24 is 
not sealing the free liquid surface 44 of the separation 
chamber 8 will move radially outwardly and the oil in the oil 
outlet chamber 20 will be drained through the hole 21, which 
results in the pressure sensor 32 detecting a pressure 
reduction. This pressure reduction takes place faster with 
greater leakage past the slide valve 24. 

If the pressure in the first oil outlet conduit 12 has 
time to decrease during the predetermined period of time to a 



predetermined low pressure, which indicates a relatively large 
leakage, the control unit 28 activates the signal means 39 to 
generate an alarm signal. However, the centrifugal separator 
4 may be in operation for some additional time with a 
satisfactory result. If the pressure in the oil outlet 
conduit 12 has time to decrease during the predetermined 
period of time to yet a lower pressure, which indicates 
unacceptably large leakage, the control unit 28 activates the 
signal means 39 to generate an alarm signal and keeps the 
inlet valve 34 closed even after the lapse of the 
predetermined period of time. In this case the centrifugal 
separator 4 is taken out of operation for service or repair. 

Instead of sensing the pressure after a certain 
predetermined period of time, it would be possible within the 
scope of the present invention to sense the course of pressure 
change continuously or at a plurality of time points during a 
predetermined period of time and to compare the sensed course 
of pressure change with a course of pressure change during 
normal operation conditions. 



